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In connection with our studies ( I )  on the influence of splenectomy 
in  diminishing the  tendency to  jaundice  after  the  administration 
of hemolytic agents, our attention has been called to the possible im- 
portance  of  a  factor  purely  mechanical;  namely,  the  relation  of 
the spleen to the blood supply of the liver. 
Ponfick (2) in a discussion of hemoglobinemia of whatever origin and its con- 
sequences called attention to certain  facts.  He recalls that the earliest observers 
had  already  recognized  that  when  hemolysis  is  going  on  the  spleen  becomes 
greatly  swollen  in  consequence  of  the  accumulation  of  disintegrating  erythro- 
cytes; for this swollen spleen Ponfick uses  the term  spodogenous  (~rro~ds, waste 
products).  Ponfick  notes  that  simultaneously  the  liver  eliminates  a  bile  very 
rich in pigments  and  suggests  that this  is  derived from the hemoglobin set  free 
in  the  spleen,  carried by the portal circulation to  the  liver and  removed by this 
organ.  Ponfick further expressed the view, based on experiments not quoted  in 
detail,  that  the  liver could  completely remove and  transform  into bile  pigment 
liberated  hemoglobin  up  to  the  extent  of  one-sixtieth  of  the  total  hemoglobin 
of the body,  but that hemoglobin set free in excess of this amount passes through 
the  liver  and  is  eliminated  by  the  kidneys,  causing  hemoglobinuria.  One- 
sixtieth  of  the  total  hemoglobin in  the  dog  is  about  o.18 gin.  per  kilo.  In  an 
earlier  paper  of  this  series,  Pearce,  Austin,  and  Eisenbrey  (3)  have  shown 
that the injection of from o.14 to 0.35 gm. per kilo of hemoglobin as  laked blood 
will cause  the appearance  of hemoglobinuria,  but  that  a  factor of great  impor- 
tance,  apparently  overlooked by Ponfick, is  the  rate at which  the hemoglobin is 
liberated in  the  circulation.  The more slowly it is  introduced  the  larger is  the 
quantity  that  the  liver can  take  up  without permitting the  concentration  in  the 
blood to  reach at any time that  required  for the production  of hemoglobinuria. 
It  was  further  shown  in  the  same  paper  that  while  small  amounts  of  injected 
hemoglobin are  removed by the  liver and  presumably  excreted as  bile pigments 
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in the bile without the occurrence of jaundice,  if the injected hemoglobin be  in 
excess of  o.3o to  o.4o gm.  per  kilo,  the  liver is  unable  to  eliminate all the bile 
pigment  formed  from  the  excess  of  hemoglobin and  some  of  the  bile pigment 
is  resorbed  from  the  liver and  under  these  circumstances  appears  in  the  urine. 
It was noted in this respect also that the rate of injection is of great importance 
in determining the amount of hemoglobin that the liver will tolerate without the 
appearance of bile pigments in the urine.  Very slow but  long continued libera- 
tion  of  hemoglobin  can  eventually  overtax  the  hepatic  excretory  power  and 
lead  to  the  appearance  of  bile pigments  in  the  urine,  although  the  hemoglobin 
liberation  may have been  slow  enough  to  permit  of  its  continued  adequate  re- 
moval  from  the  circulation  by  the  liver  with  at  no  time  the  development  of 
hemoglobinuria.  Thus  the  first  effect  of  hemoglobin  liberation  into  the  blood 
is an increased bile pigment content of the bile.  This was shown experimentally 
by Tarehanoff  (4).  If the amount of hemoglobin be small enough and its libera- 
tion  slow enough  this  is  the  only effect.  A  slightly larger  amount  rapidly  lib- 
erated will produce hemoglobinuria.  A  larger amount extremely slowly liberated 
will produce bile in the urine.  A larger amount liberated at an intermediate rate 
may produce both hemoglobinuria and bile pigments in the urine.  Ponfick in his 
experiments  noted  bile  pigments  in  the  urine  but  follows  Tarchanoff's  expla- 
nation  and  attributes  them  to  the  now  generally  repudiated  theory  of  extra- 
hepatic conversion of hemoglobin into bile pigment. 
Following  Ponfick  many  other  workers  have  attributed  importance  to  the 
spleen  as  the  site of  disintegration  of  erythrocytes;  among these  may be  men- 
tioned Hunter  (5),  Gabbi  (6),  and  Mya  (7).  Bottazzi  (8)  in his studies  of the 
blood  after  splenectomy  noted  an  increased  resistance  of  the  erythrocytes  to 
hypotonic salt  solutions  and  it was  to  this  factor that  Banff  (9)  attributed  the 
greater resistance and diminished tendency to jaundice of spleneetomized animals 
receiving hemolytic agents. 
However,  Pugliese  and  Luzzatti  (IO)  failed  to  confirm  Bottazzi's  findings, 
but,  noting  with  Banff  and  others  the  diminished  tendency  to  jaundice  after 
splenectomy,  they  made  further  studies  along  the  lines  suggested  by  Ponfick's 
observations and elaborated the  following hypothesis.  The spleen is the natural 
location  for  the  disintegration  of  erythrocytes  after  the  administration  of 
hemolytic  poisons,  and  the  hemoglobin  so  liberated  is  carried  directly  by  the 
portal  system  to  the  liver, there  at  least in  large measure  to  be  removed,  con- 
verted into bile pigment,  and  excreted in the bile;  or,  if present  in  great quan- 
tity, to be resorbed and appear in the urine and tissues as bile pigments and thus 
produce  jaundice.  On  the  other  hand,  in  the  absence  of  the  spleen,  the  blood 
cells undergo  disintegration  elsewhere, probabIy  chiefly in  the bone marrow,  as 
noted by Martinotti and  Barbaeci  (II).  Hemoglobin liberated in the bone mar- 
row  could  under  these  circumstances  reach  the  liver only through  the  general 
circulation.  It would therefore be  diluted  and  moreover would  reach  the  liver 
largely through  the hepatic artery,--a vessel normally carrying blood  for nutri- 
tive purposes,  not for purposes  of elaboration.  They further note that the  slow 
flow of blood through the bone marrow might delay the removal of the liberated 
hemoglobin.  For these reasons in the splenectomized animal it is to be expected 
that  the hemoglobin would  reach  the  liver much more gradually  and  at  a  rate, 
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tion  as bile  pigment;  hence  no  reabsorption  of bile  pigments  would  occur and 
jaundice would  not develop. 
These authors  were able  to  show  by the  aid  of a  bile  fistula  that while  the 
other constituents of the bile are but little  altered by splenectomy,  the bile  pig- 
ments  are  reduced  to  about  one-half.  Moreover,  after  the  administration  of 
hemolytic poisons while  the bile of the splenectomized  animal shows  an increase 
in  the  bile  pigments,  this  is  not  so  pronounced  as  in  the  normal animal  after 
hemolytic poisons; the increased pigmentation of the  bile is, however,  of longer 
duration in  the splenectomized  animal. 
It may be noted in passing that  these observers failed to  find  disintegrating 
erythrocytes in the lymph nodes  after splenectomy; a phenomenon  which  Pearce 
and Austin  (12)  found conspicuous; nor do the findings  of Karsner and Pearce 
(13)  regarding the fragility of the corpuscles  after splenectomy confirm those of 
Pugliese and Luzzatti,  but on the contrary agree with  those of Bottazzi,  to the 
effect that there is an increased resistance of the erythrocytes to hypotonic salt 
solutions  and to hemolytic immune serum after splenectomy. 
In order to test the hypothesis of Pugliese  and  Luzzatti,  we have 
injected  a  constant  amount  per  kilo  of  hemoglobin  solution  in  the 
form  of  laked  blood  into  a  series  of  dogs,  injecting  each  at  least 
twice,  once into  the general  circulation  by way of the  femoral vein 
and  once  into  the  portal  circulation  by  way  of  a  mesenteric  vein. 
The rate of injection has been always the same.  In some instances, 
the  femoral injection  was  given first,  in  other  instances  the mesen- 
terie.  At least five days were allowed to elapse between  injections. 
We  have  thus  been  able  to  study  the  effect  of  the  site  of  the  in- 
jection  upon  the  development  of  hemoglobinuria  and  of  bile  pig- 
ments in the urine,  and  from our results  believe we may draw  con- 
clusions  as to the  fate of hemoglobin when liberated  into the  portaI 
system,  on  the  one  hand,  or  into  the  general  circulation,  on  the 
other. 
In  these  experiments,  a  fasting,  normal  dog  was  bled,  the  blood 
defibrinated,  the cells thrown  down  by centrifuging,  and  the  super- 
natant serum removed.  About four volumes Of distilled water were 
then  added  to  the  cells  and  the  mixture  agitated  for  fifteen  to 
twenty  minutes  to  induce  hemolysis.  The  solution  was  then  cen- 
trifuged  rapidly  for  twenty  minutes  to  remove  most  of  the  cell 
stromata,  was  made  isotonic  by  addition  of  sodium  chloride,  and 
centrifuged  to  remove  any  globulin  thrown  out  of  solution  upon 
adding  the  salt.  One  cc.  of  this  solution  was  then  diluted  with 
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a  Fleischl-Miescher hemoglobinometer.  As much of this  solution 
as  should equal either o. 3  gin.  or o.4  gm.  of hemoglobin per kilo 
of body weight was then injected intravenously into a normal dog. 
Injections were given at such a rate that the entire injection should 
occupy one minute per kilo of body weight.  All bleedings and in- 
jections  were  made  under  ether  anesthesia.  Injections  into  the 
general circulation were made into  one  of  the  small  veins  of  the 
leg.  Portal  injections were made by drawing a  loop  of  intestine 
from the abdomen under aseptic precautions, and injecting through 
a needle into a small mesenteric vein.  In some instances water was 
given by stomach tube at the close of the operation.  The urine was 
then  collected,  the  dog  being  kept  in  a  metabolism  cage,  and  if 
hemoglobin appeared the amount was  estimated either directly in 
the  Fleischl-Miescher  hemoglobinometer or  by  comparison  with 
a  standardized  acid  hematin  solution.  In  addition,  we  followed 
the jaundice by the persistence of bile  pigments in the urine after 
hemoglobin injection into either the mesenteric or the femoral vein. 
The urine was examined for bile  pigments by the Rosenbach test. 
TABLE  I. 
Influence  of Site  of Injection  on Amount  of Hemoglobin  Eliminated  in the  Urine. 
Hemoglobin injections. 
Dog  26  (0.4  gin.  per  kilo) ............... 
"  12  (0.3  "  • ..............  : 
5  (0.3  "  • .............. 
3  (0.3  .... 
Splenectomized  ................. 
"  49  (0.3  gm.  per  kilo) ............... 
Three  months  after  splenectomy.. 
Date. 
Mar.  20 
26 
Feb.  25 
Apr.  15 
Jan.  9 
"  15 
Mar.  2 
"  26 
Jan.  7 
"  "  I5 
Feb.  19 
Mar.  2 
20 
Feb.  25 
Apr.  15 
Gin. of hemoglobin per kilo 
eliminated  after injection into 
Femoral vein.  IMesenteric  vein. 
o.o85 
0.043 
0.024 
0.026 
o.o17 
0.025 
o.o14 
0.043 
0.029 
None. 
Trace. 
None. 
0.OIO 
The results as regards hemoglobinuria are shown in Table I.  In 
each of five dogs used, the output of hemoglobin by the kidney was 
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vein than  when introduced into  the  femoral vein,  and  this  is  true 
regardless of which injection was performed first.  This we attrib- 
ute to the removal of the hemoglobin to a  greater extent by the liver 
when the injection  is  made into  a  mesenteric vein with  the  result 
that the hemoglobin reaching the general circulation is less concen- 
trated arid is less likely to be eliminated by the kidneys and appear 
in  the  urine. 
TABLE  II. 
Persistence of Bile Pigment in  the  Urine after Hemoglobin Injection as Deter- 
mined by  Point of Injection. 
Dog  4 
'*  5 
"  25 
"  26 
i2 
3 
49 
Hemoglobin injections. 
(0.3  gm.  per  kilo) ............... 
(0.3  ....  ) ............... 
(0.4  ....  ) ............... 
(0.4  "  )  ............... 
(o.3  ....  ) ............... 
(0.3  ....  ) ............... 
Splenectomized  ................ 
(0.3  gm.  per kilo) ............... 
Threemonths  after splenectomy..] 
Date. 
Jan.  9 
"  16 
**  9 
"  I5 
Mar.  2i 
"  26 
"  20 
"  26 
Feb.  25 
Apr.  I5 
Jan.  7 
"  I5 
Feb.  19 
Mar.  2 
20 
Feb.  25 
Apr.  15 
Persistence after injection into 
Femoral vein. 
days 
4 
4 
3 
Mesenteric vein. 
days 
i2+ 
7+ 
7+ 
5 
The results of the study of the degree and persistence of jaundice 
(as  indicated by bile  pigments in the urine)  in  the dogs  after the 
two types of injection are shown in Table II.  It will be seen that 
in six dogs studied the jaundice was distinctly more persistent after 
mesenteric than after femoral injection, and this was true regardless 
of  which injection was  made first.  In  Dog 4,  two successive in- 
jections were made into the femoral vein to determine whether the 
second injection would give a result notably different from the first. 
Such was not the case, the duration of the bile pigments being the 
same  after each injection when both  were made into  the  femoral 
vein. 
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jaundice  after  hemoglobin  injections  we  have  employed  splenec- 
tomized as  well as  normal dogs,  but  have  found that  splenectomy 
has  no  influence upon  the  fate  of  hemoglobin injected  into  either 
the general or portal circulation. 
SUMMARY. 
These experiments indicate,  therefore, that  when hemoglobin is 
set  free  in  the  portal  circulation  a  larger  amount  is  held  by  the 
liver and converted rapidly into bile pigment than is  the case when 
it  is  set  free in the general circulation, and that,  under the  former 
condition, over-loading of the liver with bile pigment more readily 
occurs and jaundice is more apt to develop. 
This  mechanical  influence  must,  therefore,  be  a  factor  in  the 
lessened tendency after  splenctomy to  the jaundice which  follows 
blood  destruction due to hemolytic agents,  for whether the spleen 
be  an  active  factor  in  destroying the  erythrocytes  or  whether  it 
plays merely a passive part as a  place for the deposition of the dis- 
integrating cells, there can be no question that in this  organ, when 
it is present, a large number of cells undergo their final disintegration 
after the action of hemolytic poisons, and that the hemoglobin there 
liberated passes  by the portal  system directly to  the liver.  When 
the  spleen  is  removed,  this  disintegration  occurs  in  other  organs, 
notably in the lymph nodes and bone marrow, and the hemoglobin 
from these  organs  passes  not  into  the  portal  but  into  the  general 
circulation, from which it reaches the liver more gradually and in a 
more dilute form. 
BIBLIOGRAPHY. 
I.  Pearce,  R.  M.,  Austin, J.  H.,  and  Krumbhaar,  E.  B.,  The  Relation of  the 
Spleen to Blood Destruction and Regeneration and to Hemolytic Jaundice. 
I.  Reactions to Hemolytic Serum at Various Intervals after  Splenectomy, 
Jour. Exper. Med., I912, xvi, 363.  Pearce, R. M., Austin, J. H., and Eisen- 
brey, A. B., II. The Relation of Hemoglobinemia to  HemogIobinuria and 
Jaundice  in  Normal  and  Splenectomized  Animals,  Jour.  Exper.  Med., 
I912, xvi, 37.5.  Pearce,  R.  M.,  Austin, J.  H.,  and Musser,  J.  It.,  Jr.,  III. 
The Changes in the  Blood Following Splenectomy and Their Relation to 
the Production of Hemolytic Jaundice, Jour.  E.~per. Med.,  1912, xvi, 758; 
VII.  The Effect of Hemolytic Serum in Splenectomized Dogs,  ibid.,  I913, 
xviii, 494- 
2.  Ponfick, E., Ueber Haemoglobinemie und ihre Folgen, Berl.  klin.  Wchnschr., 
1883, xx, 389. 
3.  Pearce, Austin, and Eisenbrey, loc. clt. J.  Harold  Austin  and  O. H.  Perry  Pepper.  681 
4-  Tarchanoff, J.  F., Ueber die Bildung von Gallenpigment aus Blutfarbstoff im 
Thierk6rper, Arch. f.  d. ges. Physiol.,  1874, ix, 53. 
5.  Hunter, W.,  Physiology and  Pathology of  Blood Destruction, Lancet,  1892, 
ii,  12o9, 1259, 1315, 1371. 
6.  Gabbi,  U.,  Ueber die normale I-I/imatolyse  mit besonderer Berficksichtigung 
der  H/imatolyse in der  Milz,  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  1893, 
xiv, 35I. 
7.  Mya,  G.,  Sur la r6g6n6ration sanguine dans  l'anfmie par  destruction globu- 
laire, Arch. ital.  de biol.,  I89I~)2,  xvi, lO8. 
8.  Bottazzi,  F., La milza come organo emocatatonistico, Sperimentale, Sez.  biol., 
1894, xlviii, 433. 
9.  Banti, G., La milza nelle itterizie pleioehromiche, Gaz.  d.  Osp.,  1895, xvi, 489. 
IO.  Pugliese, A., and Luzzatti, T.,  Contributo alla fisiologia  della milza: milza e 
veleni ematici,  Arch.  p.  lesc.  reed.,  19oo, xxiv,  I.  Pugliese,  A.,  Rate  et 
poisons  hfmatiques,  Arch.  ital.  de  biol.,  19oo, xxxiii,  349;  Die  Abson- 
derung und Zusammensetzung der  Galle nach Extirpation der Milz,  Arch. 
f. Anat. u. Physiol., Physiol. Abt., I899  , 60; La secrezione e la composizione 
delia bile negli animali smilzati, Polyclinico,  Sez.  reed.,  1899, ,zi, 121;  La 
secretion et  la composition de  la bile chez  les animaux privfs  de  la  rate, 
Arch.  ital.  de  biol., 19oo, xxxiii, 359. 
II.  Martinotti,  G.,  and  Barbacci,  O.,  La  tumefazione  acuta  della  milza  nelle 
malattie infettive, Morgagni,  189o, xxxii, 521, 593. 
12.  Pearce,  R.  M., and Austin, J.  H., V.  Changes in the Endothelial Cells of the 
Lymph Nodes  and Liver in Spleneetomized Animals Receiving Hemolytic 
Serum, Jour. Exper. Med.,  1912, xvi, 780. 
13.  Karsner, H. T., and Pearce, R. M., IV.  A  Study, by the Methods of Immun- 
ology,  of  the  Increased  Resistance  of  the  Red  Blood  Corpuscles  after 
Splenectomy, ]our.  Exper. Med.,  1912  , xvi, 769  . 